ABSTRACT SIBAL, Louis R. (University of Illinois College of Medicine, Chicago), ARTHUR V. KROEGER, DAN KUMARICH, AND ESTHER MEYER. Serological specificity of acid-soluble antigens of Bacterionema matruchottii. J. Bacteriol. 83:811-818. 1962.-The serological specificity of acid-soluble antigens extracted from the oral, filamentous organism, Bacterionema matruchottii, was demonstrated by the microprecipitin reaction. There was no evidence of cross-reaction with antisera prepared against Leptotrichia buccalis, Actinomyces, or Lactobacillus species, and these results were confirmed by quantitative complementfixation tests with selected antisera. Since all of the B. matruchottii isolates studied possess antigens in common, it was concluded that the microprecipitin reaction offers a useful aid in the differentiation of this genus from other filamentous organisms. The results do not provide definitive evidence regarding the taxonomic relationship of B. matruchottii to any genus tested, and tend to support the recent proposal for establishment of a new genus, Bacterionema.
A recent review on the filamentous bacteria isolated from calculus and materia alba of the teeth has contributed toward a better understanding of the organisms termed Leptotrichia (Gilmour, Howell, and Bibby, 1961) . Confusion concerning the classification and definition of this genus stemmed originally from the application of the name Leptothrix or Leptotrichia to a wide variety of unrelated, oral filamentous microorganisms. Leptotrichia buccalis was applied to two types of microorganisms whose colonial and microscopic morphology appeared to be quite distinct. In an attempt to resolve this problem, Davis and Baird-Parker (1959b) suggested that Leptotrichia buccalis be retained for the anaerobic, gram-positive (in young cultures only), fusiform bacillus (type 1), and that the facultative, grampositive, filamentous, branching bacillus be named Leptotrichia dentium (type 2). More recently, additional physiological and biochemical studies have led Gilmour and her co-workers to propose that the facultative organism (type 2) be removed from the genus Leptotrichia and placed in a new genus, Bacterionema, with Bacterionema matruchottii as the type species (Gilmour and Beck, 1961; Howell and Pine, 1961) .
The first serological studies on the facultative, filamentous organism reported by Kroeger and Sibal (1961) and Schmidt and Richardson (1961) have shown that all isolates possess some antigen or antigens in common. The findings of Kroeger and Sibal (1961) further indicated that identification might be facilitated or confirmed by employing acid-soluble extracts which react with antisera in a microprecipitin test. The present investigation demonstrates that the microprecipitin technique provides a reliable method for identification of these microorganisms. Antigenic relationships among some of the other filamentous organisms of the oral flora, as well as comparable forms from other sources, are reported. Since the data generally tend to support the conclusions of with regard to the proposed creation of a new genus for this organism, we have employed the name Bacterionema matruchottii in this paper to designate the grampositive, facultative, filamentous, branching bacillus.
MATERIALS AND METHODS
The microorganisms used in this investigation, their origin and the medium of cultivation are given in Table 1 After an appropriate incubation period, the cells were harvested by centrifugation at 732 X g and washed three times in sterile unbuffered saline. Whenever necessary, the washed cells were ground in a Teflon tissue grinder (Arthur H. Thomas Co.) to obtain an even suspension.
Acid-soluble extracts. The microorganisms were sedimented by centrifugation at 732 X g for 15 min in calibrated centrifuge tubes, and the supernatant fluid was decanted; 15 ml of 0.2 N HCl were used to resuspend each 1 ml of packed cells. The tubes were placed in a boiling-water bath, and, after equilibration, hydrolysis was allowed to proceed for 10 min. After rapid cooling in an ice bath, the insoluble residue was removed by centrifugation at 732 X g for 20 min. The supernatant fluid was neutralized by dialysis against four 1-liter portions of phosphate-buffered saline (pH 7.2). A fluffy precipitate developed as the extract approached neutrality; this material was removed by centrifugation, and the clear extract was stored at -26 C.
For use in the agar gel diffusion technique, these extracts were concentrated by means of polyethylene glycol (Kohn, 1959) and adjusted to contain 0.4 mg total nitrogen per ml.
Preparation of antisera. Antisera were prepared in albino rabbits (2 kg) by the intravenous injection of heated or formalin-killed intact organisms; the details of the immunization procedure are given in a previous communication (Kroeger and Sibal, 1961 Complement-fixation tests. To obtain an optimal proportion between antigen and antibody, block (two-dimensional) titrations of acid-soluble extracts were performed to establish the highest dilution of antigen giving complete or nearly complete fixation with the highest dilution of serum. In these experiments, the antigen, even when tested undiluted, gave no indication of anticomplementary activity, and two units were used in the titrations of antisera. The reaction mixtures consisted of the following: 0.5 ml of antigen dilution, 0.5 ml of antiserum (2 units), and 1.0 ml of complement dilution containing 2 full hemolytic units. The mixture was incubated for 1 hr at 37 C, after which 1.0 ml of sensitized sheep erythrocytes, prepared by combining a 2% suspension of washed cells with an equal volume of hemolysin diluted to contain 2 units in 0.5 ml, was added. After incubation for 30 min at 37 C, titers were recorded as the reciprocal of the dilution of antigen that demonstrated 3 + fixation.
The titration of complement and the inclusion of suitable anticomplementary and hemolytic controls were carried out for each complementfixation test.
Indirect fluorescent antibody technique. Smears, prepared from agar-slant cultures, were air-dried and fixed with methanol. Diluted unlabeled antiserum was applied to the smears and allowed to incubate for 30 min at 37 C in a moist chamber. The slides were washed twice (5 min each time) in buffered saline (pH 7.2), followed by a 5-min rinse in distilled water, and were then air-dried.
Fluorescein-conjugated goat anti-rabbit globulin (Microbiological Associates) was applied and allowed to incubate for 15 min at room temperature in a moist chamber, and the slides were rinsed as previously described. For controls, diluted unlabeled normal rabbit serum and saline were used in the same manner as the antiserum.
The specificity of the immune serum was also established by demonstrating that staining reac- (Pine, Howell, and Watson, 1960 (Fig. la-c) buccalis; however, three of the antisera (1N, 2N,  3N 2) Complement fixation:-Since the precipitin method yielded only qualitative information, it seemed desirable to test the specificity of these reactions by use of a quantitative serological technique. Complement-fixation tests were performed on sera and extracts that were available in sufficient quantity. To enhance the specificity of the reaction and avoid inhibition by antigen excess, homologous sera and extracts were standardized by the box-titration method previously described. Two units of antibody from each of four B. matruchottii (E, 1, 13, 16) antisera, and from L. buccalis (3N), A. israelii (H), and L. acidophilus antisera were added to serial twofold dilutions of the acid-soluble extracts. All of the antisera tested reacted only against extracts of the homologous genus (Table 3 ).-These results generally confirm our previous findings with the microprecipitin method.
In two instances, the acid extract of B. matruchottii (5) failed to give a positive reaction with B. matruchottii antisera (E, 13), although strongly positive precipitin reactions were always observed. Since specificity was of paramount importance in adapting the complement-fixation test for our purposes, it seemed advisable to determine whether B. matruchottii extract (5) would react with B. matruchottii antisera (E, 13) when more than 2 units of antibody were used in the titrations. Accordingly, the tests were modified by employing 4, 8, 16, and 32 units of antibody and the highest concentration of antigen, and complete fixation of complement was observed.
3) Fluorescent antibody:-Preliminary findings using the indirect fluorescent antibody technique suggest that rapid identification of these organisms may be accomplished by this method as well. Seven B. matruchottii isolates (E, 1, 5, 13, 16, 26, 2.8) 
DISCUSSION
The microprecipitin test appears to be a useful tool for the differentiation of B. matruchottii from other filamentous microorganisms. None of the acid-soluble extracts of B. matruchottii showed any evidence of precipitation with antisera prepared against L. buccalis isolates, Actinomyces, or Lactobacillus species. Only one of the B. matruchottii antisera gave any indication of cross reactions with other genera, but the intensity of these reactions could readily be distinguished from those of the homologous systems. The specificity of the precipitation reaction was confirmed by complement-fixation tests, using representative sera of each of the genera. One extract, B. matruchottii 5, and antisera E and 13 failed to fix complement in the dilutions originally employed.
When-the sensitivity of this test was enhanced by increasing, the -antibody concentration, positive reactions resulted. Variations in the ratio of antibody content of the sera with respect to some of the antigenic components of this extract could account for this exception.
Major difficulties might be encountered in Kroeger and Sibal (1961) indicated that acid-soluble antigens or complex haptens were common to all of the 21 isolates studied. Schmidt and Richardson (1961) , using antigens from sonically disrupted B. matruchottii cells and the complement-fixation technique, reached a similar conclusion. Direct comparison of a small number of isolates and homologous antisera by the agar gel method has revealed that the extracts contain complex mixtures of common antigens or haptens. However, it is entirely possible that the extraction process itself might have produced some alterations in the antigenic structure that would account for the multiple bands observed in some instances.
On the basis of cell-wall composition, Davis and Baird-Parker (1959a) Although the acid-soluble extracts used in the experiments reported here are sufficiently distinct serologically to aid in the identification of this organism, it was felt that the total antigenic mosaic of the intact cell may not be represented.
Therefore, we undertook some experiments using the fluorescent-antibody technique, since a recent report by Slack, Winger, and Moore (1961) The results of our work fail to provide specific information about the taxonomic relationship of B. matruchottii to any recognized genus, although this was not the primary purpose of this investigation. However, the serological evidence would tend to support the proposal of , who, on the basis of extensive morphological and biochemical studies, have relegated this organism to a new genus.
